the peak densities obtained from the graph, and RCS cells separated on such gradients were utilized in the studies reported here.
Antibody-Mediated Cytotoxicity. Antisera directed against various membrane antigens were tested for their ability to lyse target cells in the presence of complement (C) by a modification of the microcytotoxicity test developed by Mittal et al. (17) . 2 ~1 of the antisera to be tested was serially diluted in wells of'Terasaki" microtest plates (no. 3034 Falcon Plastics, Div. of BioQuest, Oxnard, Calif.) 2 ~l of target cells were added to each well and the plates were incubated at 37°C for 20 min. For one-stage testing, C' was added directly to wells, while in the two-stage test plates were "flicked," to remove unbound antisera, C was added to each well, and incubation continued for an additional 30 rain at 37°C. In both types of testing, after incubation with C, plates were flicked, trypan blue added, and percent cytotoxicity determined by microscopic examination for uptake of dye into damaged cells.
Appropriate controls, i.e. cells incubated with antibody or C alone, showed levels of cytotoxicity <10%. In all cases the C was absorbed twice with agarose in the presence of EDTA to remove nonspecific cytotoxicity before use (18, 19) .
In treating lymphoid cells and tumor cells with various antisera before culture, similar methods were employed in 17 x 100 mm tubes to accommodate larger numbers of cells. Killed cells were removed on a simple Ficoll-Hypaque gradient (densities 1.0750-1.0782) before use of the cells as stimulators or responders in cultures.
Results

Proliferative Response of SJL/J LN Cells to Primary and Transplantable RCS.
A few primary RCS which spontaneously developed in LN of 8-to 12-moold SJL/J mice were tested for their ability to induce proliferation in normal syngeneic lymphoid cells. The results in Table I show a definite proliferative response to 6,000 R ~/-irradiated RCS cells of primary tumor origin when the tumor cell to normal LN cell ratio in the cultures was 1:1 or 1:2 in both experiments. Far fewer stimulating RCS cells were needed when the transplantable RCS-5 tumor line was used, which actually stimulated better at ratios of 1:4 than at 1:1 and indeed even with ratios as low as 1:8 and 1:10 excellent stimulation was obtained.
Stimulation of normal SJL/J cells by RCS was not obtained when the tumor cell types were separated by a Millipore or dialysis membrane such as in Marbrook chambers. This indicates that stimulation is not due to a soluble mediator secreted by or liberated from tumor cells, as was also shown previously by the lack of stimulation with tumor cell supernates (1). It was concluded that cell contact appeared necessary for stimulation to occur.
To characterize further the stimulating cell population in RCS, with respect to cell density, Ficoll-Isopaque separation of the tumor cells was performed before culture. In preliminary experiments with continuous density gradients, it was noted that tumor cells peaked at densities of 1.0660 and 1.0694. Discontinuous gradients were then prepared to obtain fractions at these as well as higher densities and the proliferative response of normal LN cells to each fraction was determined (Table II) .
Although stimulation was obtained even with the highest density fraction, the lowest density cells were clearly the most effective stimulators in both experiments. 3H-thymidine incorporation in unirradiated cells from each fraction was also studied and found highest in the lowest density fraction over the first 24 h in culture (data not shown). When aliquots from each fraction (2 x 106) were injected intravenously into normal SJL/J mice, each caused approximately Responses to C67BL/6 spleen cells were probably somewhat higher than to other allogeneic cells because mitomycin-treated rather than ~/-irradiatod stimulator cells were used.
reported, it was of interest to study the three major H-2 s strains, A.SW, B10.S, and SJL/J in this regard. Results in Table III (Table IV) . Rabbit antimouse Fab killed 11% RCS cells and an average of 36% normal LN cells.
Since many murine tumors show viral antigens on their surface and since it has been demonstrated recently that many anti-Ia sera contain antibody to leukemia virus antigens (22, 23) , it seemed important to determine whether RCS-5 cells expressed these surface antigens. It was found that neither goat anti-murine leukemia virus (MuLV) gp69/70 nor rabbit anti-MuLV gs30 had any cytotoxic effect on RCS cells even in dilutions of <1:20 (Table IV) . Rat anti- (Table IV) .
Pretreatment of RCS cells with anti-Ia sera and C effectively reduced their ability to induce a proliferative response in syngeneic LN cells. As shown in Table V , cells remaining after removal of killed cells induced only 23-51% of the original response, while cells surviving treatment with either anti-Thy 1.2 or with anti-Ig plus C retained full capacity to induce stimulation. In contrast, pretreatment of responding LN cells with anti-Ia antisera plus C had no effect on their ability to respond, whereas anti-Thy 1.2 plus C abolished their responsiveness (Table VI) * 2 × 105 responder SJL/J LN cells were cultured with 5 × 104 T-irradiated (6,000 R) RCS cells for 96 h, the last 24 of which were in the presence of 1 ~Ci 3H-thymidine. Cells (6.6 × 106/ml) were incubated at 37°C for 45 rain in the presence of antiIa (1:100) or normal SJL (NMS; 1:100) sera and rabbit C (RC) (1:18). Specific antisera as in Table V . § h cpm as in Table V. in the absence of C before culture did not diminish their subsequent ability to stimulate or to respond, respectively (data not shown).
Inclusion of anti-Ia sera without C in the culture media inhibits unidirectional MLC (24, 25) . In these experiments, it was demonstrated that the inhibition is due to specific reactivity of anti-Ia sera with the stimulator and not with the responder cell. Data presented in Table VII inhibition with three different antisera and almost total inhibition at 5%, when compared to cultures containing similar percentages of normal mouse serum (exp. 1). As with allogeneic MLC, the block appeared to occur on the RCS stimulator cell since the response to nonspecific T-cell stimulators such as PHA remained unaffected. The partial inhibition ofconcanavalin A (ConA) responses (exp. 2) and of lipopolysaccharide (LPS) responses (exp. 3) are in keeping with reports of others (26, 27) . Inhibition of LPS responses have also been noted with 5% normal mouse sera (28) but at the 3% concentration studied here such an inhibition was not seen with normal control sera. It would appear that inhibition of the response to RCS by anti-Ia s is specific for that response since the one to allogeneic BALB/c spleen cells showed much less of a reduction in both exps. 2 and 3. In exp. 3, additional control sera were included, such as normal A.TL, which showed no inhibition of any responses, and antiserum to H-2K', as well as antiserum to Ia k. Neither of these latter antisera inhibited the response to RCS cells or to BALB/c cells (Table VII) .
Discussion
Stimulation of normal SJL/J T cells is apparently induced by all syngeneic RCS cells whether derived from primary, as shown here, or from transplanted (1) tumors or even from in vitro cell lines developed from RCS (29) . The most actively stimulating cells appeared to be those of low density, but all density fractions contained stimulating cells; evidence for a soluble stimulating factor produced or liberated from these tumor cells was not seen.
The height of the response for LN cells was several-fold that of allogeneic cells (Table III) , suggesting the notion of presensitization of the SJL/J T cells to some antigen on the tumor cells. However, the fact that adult thymus cells (1) and even thymus cells of neonatal SJL/J mice already give proliferative responses to RCS ~ does not support this idea. The response is also much higher than that of thymus or spleen to syngeneic normal LN cells in the SJL/J strain (1). However, responses to LPS-induced normal SJL/J blast cells are seen with syngeneic LN cells, 2 and a similarity between this type of proliferation and that to RCS cells warrants consideration. Another strikingly similar phenomenon is found in the responsiveness of human peripheral T cells to lymphoid tissue culture cell lines (9), mitogen-induced blast cells (30) , and even normal B cells (31, 32) from autologous individuals.
The possibility that an ecotropic or xenotropic virus on RCS cells induced the stimulation of T cells was investigated, but no positive results were obtained. Although it is known that a wide variety of inbred strains naturally produce antibody against endogenous ecotropic leukemia virus (MuLV) (33, 34) , there is no evidence that MuLV was present on RCS cells since such tumor cells did not absorb activity from anti-G~× sera while normal SJL thymus cells did (E. Stockert and N. M. Ponzio, unpublished observations). While xenotropic virus is found on SJL/J spleen cells (H. C. Morse, III, T. Chused, B. Mathieson, T. Sharp, M. Boehm-Truipp, and J. Hartley, unpublished results), preliminary results do not indicate its presence on RCS cells since these were not killed by rabbit antiserum to xenotropic virus plus C (F. Weinbaum, H. C. Morse, and N. M. Ponzio, unpublished observations) and there was no blocking in vitro of the proliferative response to RCS in the presence of antisera to xenotropic or ecotropic virus.
The ability of Ia antigens to induce MLR (24, 35) and their importance in the presentation of other antigens to helper T cells, particularly in the proliferative response (36) (37) (38) , prompted us to look for the presence of Ia antigens on RCS cells. Evidence that these lymphoma cells do exhibit Ia surface antigens was readily obtained. In the first place, RCS cells were found to induce good MLR in cells from allogeneic (BALB/c) mice. Secondly, RCS cells were killed to approximately 60% by anti-Ia plus C and the stimulating cells were particularly sensitive to this cytotoxic effect since removal of anti-Ia killed cells greatly reduced the ability of RCS to induce proliferation. Finally, the ability of the anti-Ia4 antisera to block, consistently, in vitro responsiveness to RCS, while leaving other T-cell responses intact, provided strongly suggestive evidence that the major determinant inducing T-cell proliferation to RCS is either the Ia antigen itself or something else closely associated with Ia. Modification of Ia surface antigen on RCS cells could, for instance, be the result of a virus infection of unknown nature, or of continued proliferation of the tumor cells which might also lead to changes in the surface Ia expression. There might be something peculiar about the way Ia antigen is exposed on the surface of these cells that happens to be particularly stimulating to T cells.
The other possibility is that Ia antigen on RCS cells is extremely effective in (40), it was possible that the anti-Ia sera utilized in these experiments were blocking responses through reactivity with Ia determinants on macrophages presenting a stimulating moiety. However, in separate experiments, 2 in which macrophages were depleted by removal of nylon wool adherent cells from both the responder LN population and from the RCS stimulator cell suspension, no diminution of the proliferative response was observed. These data indicate that the proliferation induced by RCS in syngeneic T cells is independent of the presence of macrophages, and further support the contention that anti-Ia sera blocks at the RCS stimulator cell level.
The distribution of T-cell responsiveness to RCS cells over the different H-2 s strains was also of interest. The fact that SJL/J, A.SW, and B10.S, which all have a complete H-2 ~ but differ in background genotype, all responded to RCS although to varying degrees may, of course, relate to the presence of some unknown virus in these strains. However, it does indicate a peculiar reactivity to the RCS-Ia antigen in all H-2 s strains, since responses to normal SJL/J cells were virtually absent. A.TL and A.TH differ only in the middle portion of the H-2 region, including the I, S, and G regions. While A.TL cells failed to respond to RCS, A.TH cells were almost as reactive as SJL/J cells themselves. This indicates that identity between stimulator and responding cells in the K region of H-2 is not sufficient, but that identity in both K and I regions confers responsiveness to the T cells. The response may thus be a unique function of the I region alone or of the K and I region combined.
These findings support an interesting parallel with that of Zinkernagel and Doherty (41), Gardner et al. (42) , and Shearer (43) It should be noted that anti-Ia4 is the only major cytotoxic antibody present in some of the antisera which killed a large percentage of the RCS cells. This antigen is known to be present predominantly on B cells, but also on macrophages (40, 48) and on a subpopulation of T cells (27) . These antisera could also contain antibody to the recently described I-J region antigens expressed on suppressor T cells (49, 50) . Further studies will be carried out using specific anti-I-J s sera to determine whether RCS cells or the responding T cells bear these antigens.
Summary
The results of studies on the reticulum cell sarcoma (RCS) tumors of SJL/J mice presented here, indicate that spontaneous tumors, which arise in older mice, also possess the capacity to induce the vigorous proliferative response in syngeneic T lymphocytes that are characteristic of the transplantable RCS lines. Analysis of cell surface antigens revealed the presence of Ia determinants on gradient-purified transplantable RCS tumor cells; however, these cells did not express Thy 1.2, Ig, or any of the viral proteins that were tested for by specific antisera. Pretreatment of RCS cells with anti-Ia sera and complement-deleted cells that were stimulatory for syngeneic T lymphocytes, and addition of anti-Ia sera directly to cultures blocked the proliferative response at the stimulator (RCS) cell level.
Lymph node cells from H-2 ~ strains other than SJL/J, including A.SW and B10.S also gave proliferative responses to RCS cells, although lower in magnitude. A requirement on the part of responding cells for identity with RCS cells at the Ir region was indicated by the finding that A.TH but not A.TL lymph node cells responded to RCS. It is concluded that RCS cells stimulate /r-region identical T cells (without evidence of presensitization) through a modification in the expression of Ia antigens on the surface of the tumor cells.
The advice of Dr. D. Roos of the Central Laboratory of the Netherlands Red Cross Blood Transfusion Service, Amsterdam, has contributed much to our ability to prepare linear Ficoll gradients. We are very grateful to him for his help. In addition, we are greatly indebted to Dr. E. Stockert of the Sloan Kettering Institute for Cancer Research, New York, for generous gifts of antiserum (W/Fu x BN)F1 anti-W/Fu (anti-G~x) and for determining whether RCS cells absorbed anti-G~x activity from such antisera (51) . The valuable advice combined with gifts of antisera and of xenotropic virus-producing cultured rabbit cornea cells provided by Doctors H. Morse and F. Weinbaum of the National Institute of Allergy and Infectious Diseases, NIH, Bethesda, Md. is also deeply appreciated. Their generosity in allowing us the liberty of quoting their unpublished data has been of help in the preparation of this manuscript. We are also grateful to Dr. R. A. 
